Background: Poor nutritional status and functional impairment are common in patients with end-stage renal disease (ERSD) on maintenance hemodialysis (MHD). Although nutritional status is associated with functional dependence and rehabilitation outcome in several diseases, this association remains unclear in patients with ESRD. The aim of this study was to investigate nutritional risk and its impact on rehabilitation outcomes in MHD inpatients who required rehabilitation. Methods: A retrospective cohort study was performed in 57 consecutive MHD inpatients aged 65 or older who had undergone rehabilitation. The Geriatric Nutritional Risk Index (GNRI) was used to assess nutritional risk and was calculated from height, dry body weight, and serum albumin level at the start of rehabilitation. Nutritional risk was defined as a GNRI < 91.2. The activities of daily living were used as a measure of rehabilitation outcome and were assessed by the Barthel Index (BI) at the start of rehabilitation and discharge. The Mann-Whitney U test and multiple regression analysis were performed. In the multiple regression analysis, BI gain was the dependent variable and age, sex, and GNRI were the independent variables. Results: The study included 34 men and 23 women. Mean (± SD) GNRI was 79.8 ± 9.9. Of the 57 patients, 50 (87.7%) were identified as having a nutritional risk and 7 were not. The gain in BI was significantly higher in patients without nutritional risk (median 50 vs. 10, p = 0.03). Multiple regression analysis showed GNRI was associated independently with BI gain (R 2 = 0.14, β = 0.29, p = 0.03).
Background
Poor nutritional status and functional impairment are common in patients with end-stage renal disease (ESRD) on maintenance hemodialysis (MHD). In chronic kidney disease, poor nutritional status due to multiple factors is categorized as protein-energy wasting and is associated with adverse clinical outcomes especially in ERSD patients [1] . The reported prevalence of malnutrition in dialysis patients ranges between 18 and 75% [2, 3] . In addition, 19-26% of MHD patients have a functional impairment in activities of daily living (ADLs); that is, they cannot perform one or more tasks in ADLs without assistance such as bathing, dressing, toilet use, transfer, feeding, and continence [4, 5] . This is especially apparent in MHD patients aged 65 years or older, with 52% reported to have impaired ADLs [6] . Because ADL impairment is associated with mortality in MHD patients [4] , it is important to prevent and minimize these impairments. Rehabilitation is one method for treating impaired ADLs, and there are some ADL measures that can be used to assess rehabilitation outcomes [7, 8] . Although rehabilitation is very important, there have only been a small number of published reports on rehabilitation outcomes in MHD patients with impaired ADLs [9] .
Although nutritional status is associated with functional dependence and rehabilitation outcome in several diseases, this association remains unclear in patients with ESRD. A meta-analysis of 240 studies showed malnutrition, and related risks were associated directly with functional dependency [10] . It has also been reported that malnutrition is associated with poor rehabilitation outcomes in patients with stroke [11] , chronic heart failure [12] , or chronic obstructive pulmonary disease [12] . However, we are unaware of any previous reports on the association between nutritional status and rehabilitation outcomes in MHD patients.
The aim of this study was therefore to assess nutritional risk and its impact on rehabilitation outcomes in MHD inpatients who required rehabilitation.
Methods
A retrospective cohort study was performed in 57 inpatients who had been admitted consecutively to the Yokohama City University Medical Center and were subsequently referred by attending physicians to the Department of Rehabilitation Medicine between April 2015 and March 2017.
The study included patients aged 65 or older who had undergone both maintenance hemodialysis and rehabilitation during their hospital stay. Patients were excluded from the study if they had undergone new or temporary hemodialysis, had less than two rehabilitation sessions, or had died during their hospital stay.
All participants underwent hemodialysis three times a week and physical therapy five times a week. They underwent physical therapy of 20 or 40 min per session, while some participants received occupational therapy and/or speech therapy if required. Rehabilitation was performed mainly in an exercise room but sometimes was carried out at the bedside when patients could not come to the exercise room because of their physical condition. According to the disease, general condition, and ADLs of each patient, the doctors made a rehabilitation order that included the location, outline of the program, frequency, and length of each session. The therapist in charge of each patient decided the details of the rehabilitation program. Each program was designed with the purpose of improving or maintaining ADL. Each program mainly included a range of motion exercises, resistance training, and practice of ADLs. The practice of ADLs regarding moving such as sitting, standing up, walking, and going up and down stairs was performed as physical therapy. The practice of other activities such as feeding, grooming, and dressing was performed as occupational therapy and speech therapy. If the patient was fully independent for ADLs, resistance training and aerobic exercise were performed to achieve further improvement in physical function.
Nutritional status was assessed by the Geriatric Nutritional Risk Index (GNRI) [13] . This index has been reported to be an accurate tool for identifying MHD patients at nutritional risk [14] and is calculated as GNRI = {14.89 × serum albumin (g/dl)} + {41.7 × (body weight/ideal body weight)}. The ideal body weight was defined as the value calculated from height and a body mass index (BMI) of 22 kg/m 2 . In cases with a (body weight/ideal body weight) > 1, this value was replaced by 1 [13] . For this study, GNRI was calculated from the serum albumin level and body weight measured at the hemodialysis session closest to the start of rehabilitation. Serum albumin level (g/dL) was measured by an improved bromocresol purple (BCP) method before hemodialysis, body weight (kg) after hemodialysis, and height (cm) at admission, with the values expressed to one decimal place. In accordance with a previous study [14] , the risk of malnutrition in MHD patients was defined as a GNRI < 91.2.
ADLs were evaluated by physical therapists in charge of each patient at the start of rehabilitation and at discharge using the Barthel Index (BI). The BI consists of the following ten items: feeding, moving from bed to a wheelchair and back, grooming, toilet use, bathing, mobilization (level surface), going up and down stairs, dressing, bowel continence, and bladder continence. The BI score ranges from 0 to 100, with higher scores indicating greater functional independence of ADLs [8] . Age, sex, C-reactive protein (CRP, mg/dL), etiology of chronic kidney disease, causative disease for admission, and number of days from admission to the start of rehabilitation and from the start of rehabilitation to discharge were also recorded.
A previous study demonstrated that the minimal clinically important difference of the 20-point BI in stroke patients was 1.85 [15] , equivalent to 9.25 in the 100-point BI scale. In patients with chronic kidney disease who were hospitalized and underwent physical therapy, the standard deviation of the BI was reported to be 13.4 [16] . Assuming the proportion of patients with or without nutritional risk was equal and using the values α = 0.05, β = 0.8, δ = 9.25, and σ = 13.4, we calculated that it was necessary to include 34 participants in each group in order to reject the null hypothesis that the gain in BI was equal. We therefore planned to recruit 68 patients in the study.
The statistical analyses were performed using JMP ® Pro 12.2 (SAS Institute Inc.; Cary, NC, USA). Fisher's exact test and the Mann-Whitney U test were used to determine whether or not there were differences in the characteristics of patients with or without a risk of malnutrition. A multiple regression analysis was performed to examine whether GNRI was associated independently with the gain in BI from the start of rehabilitation to discharge. In this analysis, the dependent variable was BI gain, and the independent variables were age, sex, and GNRI. Age and sex were selected as the regression factors because according to previous studies [17, 18] , they have a strong probability of affecting rehabilitation outcome. A p value < 0.05 was considered statistically significant.
Results
A total of 100 patients underwent both hemodialysis and rehabilitation during the study period. Thirty-seven patients who underwent new or temporary hemodialysis during their hospital stay, 1 patient who underwent rehabilitation less than two times, and 5 patients who died were excluded from the analysis. The remaining 57 patients (34 men, 23 women) were included in the study; all underwent physical therapy, 14 had occupational therapy, and 13 received speech therapy. Table 1 shows the results of the comparison of differences in clinical indices between patients with or without a risk of malnutrition. Mean GNRI (± SD) at the start of rehabilitation was 79.8 ± 9.9. Fifty patients (87.7%) were identified as being at risk of malnutrition and 7 patients (12.3%, all males) were not. Median BI at the start of rehabilitation was 35 with an interquartile range of 10-60. The gain in BI from the start of rehabilitation to discharge was significantly greater in patients not at risk of malnutrition than in patients at risk of malnutrition. There was no significant difference between the two groups in the number of days from either admission to the start of rehabilitation or the start of rehabilitation to discharge. Table 2 shows the results of the multiple regression analysis of the gain in BI adjusted for age, sex, and GNRI. GNRI was the only factor associated independently with BI gain (β = 0.268, 95% confidence intervals 0.080, 1.494, p = 0.030). We estimated that CRP may affect serum albumin concentration. However, CRP could not be included in the multiple regression analysis because it correlated strongly with both serum albumin concentration (r = − 0.607, p < 0.001) and GNRI (r = − 0.523, p < 0.001).
Discussion
This study obtained two main findings regarding the prevalence of nutritional risk and its impact on rehabilitation outcome in older MHD inpatients who had undergone rehabilitation. Firstly, 87.7% of MHD patients who underwent rehabilitation were identified as having a nutritional risk, assessed by GNRI. Secondly, nutritional risk was associated independently with rehabilitation outcome.
The majority of MHD patients in our study who underwent rehabilitation were identified as having a nutritional risk. Yamada et al. reported a prevalence of 39.3% for nutritional risk in MHD patients [14] , a value lower than that observed in our study. A possible reason for this difference may be variations in the characteristics of the subjects, as the Yamada et al. study was on outpatients and also included patients younger than 65 years. Evidence from a meta-analysis of 240 studies, including various healthcare settings, showed malnutrition, and its risks were associated directly with a setting-related level of dependence. The prevalence of malnutrition in rehabilitation/sub-acute care was also shown to be higher than in all other settings including the community, outpatients, home-care services, hospitals, nursing homes, and longterm care [10] . Granger et al. reported that a BI of 60 points appeared to be a pivotal score at which stroke patients moved from functional dependency to assisted independence [19] . In the present study, the upper quartile of BI at the start of rehabilitation was 60, and therefore, the majority of the patients were considered to be functionally dependent. It is possible this high rate of patients with functional dependency was the reason for the high prevalence of nutritional risk observed in our study. We therefore consider that nutritional assessment is very important in MHD patients who are undergoing rehabilitation.
Our data showed nutritional risk in MHD inpatients was associated independently with a gain in the BI and that patients without nutritional risk achieved greater gains in this index. Other studies have reported the impact of GNRI score in MHD patients on mortality [20] , physical function [21] , and quality of life [21] . Our study is the first to show an influence of GNRI on rehabilitation outcome in MHD patients. This result indicates that the GNRI may be useful for predicting rehabilitation outcomes in MHD inpatients. We consider a cutoff value of GNRI < 91.2 may be useful for predicting whether or not rehabilitation will be more effective.
The high prevalence of nutritional risk and its impact on rehabilitation outcomes indicate the importance of rehabilitation nutrition. Yoshimura et al. reported that nutritional intervention added to resistance training during convalescent rehabilitation improved ADLs in older patients with a decreased muscle mass [22] . There are only a small number of reports on the combination of nutritional intervention and exercise training in adult MHD patients, and the benefit of this combination therefore remains uncertain [23, 24] . In addition, there are no reports on this combination in older MHD patients or MHD patients with impaired ADLs. Nutritional intervention added to rehabilitation has the potential to improve both nutritional status and rehabilitation outcomes in MHD patients with impaired ADLs. There is also evidence in patients with stroke and hip fracture that nutritional improvement is associated with greater gains in ADLs [25] [26] [27] . The concept of rehabilitation nutrition involving rehabilitation and management of nutritional care is important in MHD patients with impaired ADLs [28] .
This study had some limitations. First, the only subjects in the study were those referred to the Department of Rehabilitation Medicine and did not include patients admitted consecutively to the target hospital during the BMI body mass index, GNRI Geriatric Nutritional Risk Index, BI Barthel Index, Days from A to R days from admission to start of rehabilitation, IQR interquartile range, SLE systemic lupus erythematosus study period. The results of this study can therefore not be applied to the general population of hospitalized MHD patients. Second, the nutritional risk was assessed using only the GNRI and did not include other more reliable and detailed measures. Third, the requisite sample size was not reached. Fourth, we used serum albumin level measured by an improved BCP method that has been used widely over the past decade, replacing the bromocresol green (BCG) method. It has been reported that the percentage of malnourished patients assessed by controlling nutritional status (CONNUT) differs depending on whether the BCP or BCG method is used to measure albumen level [29] . The Japanese Society of Laboratory Medicine recommends that if the serum albumin level measured by the BCP method is ≤ 3.5 g/L, the cutoff value should be modified from the value developed for the BCG method [30] . Because the BCG method was the main test used in the past, the GNRI would have been developed using the serum albumin level measured by that method. Therefore, it is possible that the serum albumin level needs to be modified in our study. Furthermore, we were not able to consider factors in the multiple regression analysis that were likely to affect the gain in BI, such as causative disease for admission because of the small number of the participants, and CRP because of its multicollinearity with the GNRI. Further studies investigating the association between nutritional status and rehabilitation outcome in MHD patients should perform a more detailed nutritional assessment in order to diagnose malnutrition and protein-energy wasting.
Conclusion
The majority of the MHD patients who underwent rehabilitation had a nutritional risk. Nutritional risk was associated independently with rehabilitation outcome. The GNRI has potential as a predictor of rehabilitation outcome in MHD patients. 
